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A SHORT SUMMARY OF CURRENT INELASTIC X-RAY SCATTERING TECHNIQUES

Technique Source of interaction Typical
resolution

Deetection method Location at
the APS

Momentum-resolved,
high energy resolution IXS: HERIX

Collective excitations of
atoms, ions, molecules,
PHONONS

1-3 meV
Back-scattering, curved
and diced crystal
analyzer

3-ID

Momentum-resolved, medium energy
resolution resonant IXS:  MERIX

Valence electrons near
Fermi level 100-500

meV

Near-back-scattering,
curved and diced
crystal analyzer

9-ID, 12-ID,
33-ID

Momentum-integrated,
nuclear resonant IXS: NRIXS

Collective excitations
monitored through a
nuclear resonance

0.5-2 meV
Nano-second time
resolved detectors
monitoring nuclear
level decay

3-ID, 16-ID

High resolution Compton scattering: CS Core and valence
electrons

     1 eV Triple Laue crystal
analyzer, PSD detector

Magnetic Compton scattering: MCS Spin polarized electrons    100 eV Solid state detector        11-ID

X-ray Raman spectroscopy: XRS
Core electron excitations
of low-Z elements 1 eV

Back-scattering curved
flat analyzers 13-ID, 16-ID

X-ray emission spectroscopy: XES
X-ray fluorescence by
incident photons:
photon-in/photon-out

0.5 eV
Back-scattering curved
flat analyzers 10-ID

Soft-X-ray IXS :  PEEM
x-ray induced
photoemission:
photon-in/electron-out

5 meV
Electron spectrometer

4-ID

Inelastic Scattering at the APS (2008)

30-ID
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4 stations: A-B-C-D

A B
C D
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A B



Generations of high-resolution monochromators

T. Toellner

angle encoder

rotation stage

goniometer

coupling kinematic mount

Si [10 6 4]

Si [4 2 2]

1st

1992

2nd

1999

3rd

2002

4th

2004





Fe0.92Ni0.08 Fe0.85Si0.15

hc

bcc+hcp

bc

J.F. Lin, et al, Geophys. Res. Lett., 30 (2003) 2112



Speed of sound of Iron at high pressure/temperatures

Lin, Sturhahn, Zhao, Shen, Mao, Hemley,
Science, 308, (2005) 1892
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EuFe4Sb12
Maybe the first sample to be studied partially and completely 

Eu

EuFe4Sb12 - CoSb3



Feldman, et al, Phys Rev B 68 (2003) 
94301

G. Long et al (Phys Rev B, 71 (2005) 140302

Filled skutterudite: EuFe4Sb12

F
e
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Sb



Pyrrole

Phenyl
Fe

    In-plane vibrations of heme Fe have not been identified in Raman
    spectra due to lack of electric dipole moment in D4h  symmetry. 

    Solvent absorption limit IR studies below 125 meV (1000 cm-1).

    Low frequency reactive modes are rarely identified with Raman or IR.
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Some unique advantages of NRIXS

• Low frequency motions
2. No selection rule except motion of atoms along 

x-ray propagation
3. Peak intensity ~ mode participation ~ actual 

displacement
4. No matrix effects or limitations
5. Element and isotope selective
6. No unpredictable cancellations in scattering 

terms

Matt Smith, et al, Inorganic Chemistry, 2005, 44,5562



Iron-sulfur cubane compounds

• Reduced {4Fe4S}+ has not been possible to observe with resonant 
Raman technique, in contrast to oxidized {4Fe4S}2+

U. Jayasooriya et al, unpublished
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Record resolution at 23.870 keV
119Sn nuclear resonance

T. Toellner, 2003

€ 

E /ΔE =1.7 ⋅108
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C D
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Liquid Al2O3

C
O

2  Laser 270 W

X-rays 1.8 meV

O2 gas stream

Sapphire
Melting point: 2050°C
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Melting 
point (K)
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Liquid Al2O3 @ 2050°C

Damping is too low by 
factor 20!

c = 7350 m/s        
solid:10500 m/s



T=1630 K T=1630 K

Silicon - IXS spectra

Courtesy: Ahmet Alatas, Ayman Said, &Harald Sinn



Silicon - Dispersion relation
T=1630 K T=1630 K

Cs=7600 m/s



Sound dispersion in boron

Literature:
14300 -

16000 m/s

49 % reduction in 
sound velocity upon 
melting 
Si: 47%
Ge: 50 %

ηl (ω=0) = 14 mPas
ηs ≈ 1.5 mPas (est.)

τ(Q=0) = 0.2 ps



1 meV IXS spectrometer @ 25.7 keV
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First phonon energy measurement in Al with 
1 meV spectrometer at 25.701 keV  

APS, 3-ID January 30, 2002



IXS-CDT Beamline:  30-ID

www.ixs.aps.anl.gov

FOE

MERIX

HERIX



30-ID-C: HERIX Spectrometer
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Present Set-up at 9-IDB

E

E
i

Si(111) ΔE~1.5 eV
Si(333) ΔE~0.16 eV

Si(444) ΔE~0.09 eV
Si(333) ΔE~0.16 eV
Si(331) ΔE~0.25 eV

High-Heat Load

Secondary Mono

Ge(733) ΔE~0.3 eV
Ge(531) ΔE~0.3 eV
Si(nnn)  ΔE~0.3 eV

Analyzer

R=1m
Instrument gets 
30% of time and is 
available to GUs
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W. Mao, Science 302 (2003) 425
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X-Ray Raman: LERIX Spectrometer @ 
PNC-CAT, Sector 20

33

T. T. Fister, G. Seidler, et al,  
Rev. Sci. Instr. 77 (2006) 063901



34U. Bergmann, et al, Microchemical Journal, 71 (2002) 221
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J.F. Lin, Carnegie Institute of Washington





HARWI @ HASYLAB (Burkel, et al)
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Momentum Resolved Inelastic X-Ray Scattering



Momentum Integrated Nuclear Resonant Inelastic X-Ray Scattering
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Standard Time structure @ APS

154 ns
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Detection of nuclear decay

exponential decay
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NSLS-II   : A suggested filling pattern to enable nuclear resonance

revolution time
2.64 µsec
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NSLS-II   Storage Ring

revolution time
2.64 µsec
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Momentum Integrated Nuclear Resonant Inelastic X-Ray Scattering
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Inelastic Scattering at NSLS-II
Facts:

• NSLS-II with a 3 GeV energy is optimized for 0.1-12 keV. 

• NSLS-II with 500 mA stored current and 1 nm-rad emittance 
requirements has limited bunch structure options, also which also limit the 
nuclear resonance experiments.

• NSLS-II, with no planned investment in superconducting undulators, and no 
plans with 20 + m long straight-sections has limited potential in terms of 
access to 20 keV + energy range to supersede the APS.

• Momentum-resolved IXS with 2 meV or better resolution requires access 
to 25 keV or higher energies.

• There is no known method to reach 0.1 meV below 10 keV, and perform 
spectroscopy of any kind.



Inelastic Scattering Options

Available Techniques and their resolution (ca. 2008)

• Medium resolution Resonant IXS  (MERIX): dE ~ 50-100 meV @ 5-12 keV

• High-resolution momentum-resolved IXS (HERIX): dE ~ 2 meV @ 20 keV

• Inelastic nuclear resonant scattering: dE ~ 0.1-2 meV @ 9-30 keV

• X-Ray Raman Spectroscopy: dE ~ 0.4-1 eV @ 5-12 keV

• X-Ray Emission Spectroscopy: dE ~ 0.4-1 eV @ 4-12 keV

• Soft-X-Ray IXS : dE ~1-10 meV @ 10-150 eV
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Suggestions for IXS @ NSLS-II (2008)

Pursue:

• Medium resolution Resonant IXS  (MERIX):   dE ~ 50-100 meV

• X-Ray Raman Spectroscopy: dE ~ 0.5-1 eV

• X-Ray Emission Spectroscopy: dE ~ 0.5-1 eV

• Inelastic nuclear resonant scattering: dE ~ 0.1-1 meV
- include special filling mode in planning NOW

Consider:

• Soft-X-Ray IXS (e.g. MERLIN @ ALS or IUVS @ Elettra) 

Challenging:

High-resolution momentum-resolved IXS (HERIX) with dE ~ 0.1 meV









Courtesy: R. Dejus


